Objectives: The objective of this paper is to determine the effect of clinical and laboratory manifestations, and medication prescribing, on survival according to patient age at diagnosis in a large academic systemic lupus erythematosus (SLE) cohort. Methods: We identified SLE patients with a diagnosis at age !18, seen between 1970 through 2011, and with more than two visits to our lupus center. Data collection included SLE manifestations, serologies, other laboratory tests, medications, dates, and causes of death. We examined characteristics of those diagnosed before age 50 (adult onset) compared to those diagnosed at or after age 50 (late onset) using descriptive statistics. We used Kaplan-Meier curves with log rank tests to estimate five-and 10-year survival in age-stratified cohorts. Predictors of 10-year survival were assessed using Cox regression models, adjusted for calendar year, race/ethnicity, sex, lupus nephritis, and medication use. Results: Of 928 SLE patients, the mean age at diagnosis was 35. Among the adult-onset group, there was significantly higher prevalence of malar rashes and lupus nephritis. Glucocorticoids, azathioprine, mycophenolate, and cyclophosphamide use were also more frequent in the adult-onset group compared to the late-onset group. Fiveyear survival rates were 99.5% and 94.9% and 10-year survival rates were 97.8% and 89.5%, among those diagnosed before and at or after age 50. In the entire cohort, increasing age at diagnosis, male sex, and black race were statistically significant predictors of reduced 10-year survival. Compared to those diagnosed before age 50, the late-onset group had a multivariable-adjusted hazard ratio for 10-year risk of death of 4.96 (95% CI 1.75-14.08). The most frequent cause of known death was a lupus manifestation, followed by cardiovascular disease and infection. Conclusions: In our cohort, several demographic features, SLE manifestations, and medication prescribing differed between those with adult-onset and late-onset SLE. Tenyear survival rates were high for both groups, but relatively lower among late-onset patients. A lupus manifestation as the cause of death was more common among adult-onset compared with late-onset patients. Lupus (2014) 23, 778-784.
Introduction
Systemic lupus erythematosus (SLE) is a heterogeneous autoimmune disease of unknown etiology and variable clinical severity. SLE may follow a relatively benign course or a rapidly progressive and severe clinical path, leading to organ failure and death. Reports of survival rates have varied over the past 50 years and with geographic location, with improved survival reported in recent years. [1] [2] [3] [4] The nature and severity of SLE and its manifestations may vary by age. While SLE predominantly affects women in their 20 s and 30 s, disease severity and manifestations have been shown to differ between early-onset and late-onset disease. [5] [6] [7] [8] [9] A few cohort studies have specifically investigated ''late-onset SLE,'' defined by diagnosis at or after age 50, and reported different demographic and clinical features in these patients compared to those of younger patients, and much poorer survival. [9] [10] [11] Past cohort studies have also reported that Asian, Hispanic, and African American groups, in general, have, higher mortality and more severe disease than whites. [12] [13] [14] [15] [16] [17] Male patients, in general, are thought to have more severe disease and worse prognosis than female patients. 17, 18 The Brigham and Women's Hospital (BWH) Lupus Center has maintained a detailed and updated registry containing data on all individuals seen for potential SLE since 1970. These data offer the opportunity to evaluate the characteristics of patients diagnosed before compared to at or after age 50, and to investigate variation in and predictors of survival among SLE patients. Our goals were to investigate differences in clinical manifestations, medication prescription, and survival among SLE patients according to their age at diagnosis.
Methods

Study population
Our Lupus Center is the largest academic center for care of SLE in New England and patients seen there include primary, secondary, and tertiary referrals, and are generally followed in our care. All new patients seen in the Lupus Center who have received a billing code for SLE since 1970 have had their medical records reviewed in detail for American College of Rheumatology (ACR) criteria for the classification of SLE, as well as other signs and symptoms and laboratories and the rheumatologist's diagnosis and are added to the registry prospectively. Data collected include these data from the time they were first seen, including SLE manifestations through that time, date of diagnosis and basic demographic information, as well as data collected from their individual medical records to obtain medication, serologic, and clinical data at all time points available in our system as they were followed over time. The BWH Lupus Registry contains data on 1278 patients seen in our Lupus Center with SLE per treating rheumatologist and SLE expert reviewer's opinion, and !4/11 of the 1997 ACR criteria for classification of SLE. 19 For this study, we identified patients in our registry who had a validated date of diagnosis between January 1, 1970, and April 30, 2011, age !18 at diagnosis, and !2 visits to our center. We included patients diagnosed as adults, as prior studies have established poorer outcomes among children with SLE, and our focus was on the differences between late-onset disease and earlieronset adult disease (Amador-Patarroyo, 5 Hersh, 7 and Tucker 6 ). SLE patients under the age of 18 were also excluded from the study as the care of children with SLE has changed over time, including a local shift in care from our institution to Boston Children's Hospital.
Data collection
Detailed data have been collected prospectively in the BWH Lupus Registry, including date of birth, date of SLE diagnosis, sex, race/ethnicity, SLE clinical manifestations and serologies, and the treating rheumatologist's and the SLE expert reviewer's diagnosis. Additionally, we supplemented and updated these data using electronic and paper medical record reviews. We queried the Partners' Healthcare System Research Patient Data Registry (RPDR), which captures nearly five million unique patients and contains a warehouse of more than one billion inpatient and outpatient observations from Massachusetts General Hospital and BWH, both of which are Harvardaffiliated teaching hospitals and major tertiary referral centers in the New England area. RPDR contains data as far back as 1980 and was used to identify patient demographics, laboratory tests, medications, and dates of death (via the Social Security Death Index). Data, including cause of death, were also ascertained manually from detailed medical record reviews. Data collection in sum included age at SLE diagnosis, past clinical manifestations of SLE, SLE serologies, hematologic and renal laboratories, medication prescriptions (hydroxychloroquine, systemic glucocorticoids-oral and intravenous, azathioprine, cyclophosphamide, mycophenolate mofetil, rituximab, and leflunomide-all ever/never), and dates and causes of death. The Partners' Healthcare Institutional Review Board approved all aspects of this study.
Statistical analyses
We divided the cohort into two groups, those diagnosed before age 50 and those diagnosed at or after age 50. Descriptive statistics including t-tests and Fisher's exact tests were used to evaluate clinical characteristics of patients in each group and the Bonferroni correction was applied to correct for multiple comparisons. 20 In survival analyses, Kaplan-Meier curves with log rank tests were employed to test for differences in five-and 10-year survival between the two SLE groups. Multivariable Cox regression models, adjusted for calendar year, sex, race/ethnicity, presence of lupus nephritis, and immunosuppressant, glucocorticoid, and hydroxychloroquine use, were used to estimate relative hazards of death within five and 10 years of diagnosis in the two groups.
We performed sensitivity analyses, in which individuals who were lost to follow-up (no documented death within the time period, but no further visits for a period of >2 years) were censored. Logistic regression analyses were used to investigate potential predictors of mortality in each group. All statistical analyses were conducted in SAS (Version 9.3, Cary, NC).
Results
Our analyses included 928 patients with SLE, divided into two age groups by SLE diagnosis age: 18-49 years (n ¼ 795) and 50 years and older (n ¼ 133). The mean age of diagnosis in the adultonset group was 31.4 and in the late-onset group was 57.7 years. Demographic characteristics of note include the percentage of male patients, which was higher (14.3% vs. 6.7%) in the older diagnosis age group. Race/ethnicity demographics were similar in the two groups. There were significantly higher proportions of subjects in the younger age at diagnosis group who had malar rash (p < 0.006) and lupus nephritis (p < 0.0001), than in the older age at diagnosis group (where p for significance is defined as p < 0.003 after Bonferroni correction). Hydroxychloroquine use was greater than 80% in both diagnosis age groups, and glucocorticoid use was also high at greater than 69% in both groups. Receipt of glucocorticoids (p < 0.0004), azathioprine (p < 0.0008), mycophenolate (p < 0.0006), and cyclophosphamide (p < 0.00001) were more frequent in the younger-onset group compared to the late-onset group.
The overall mean follow-up of all patients in the cohort was 9.76 years (AE6.7); the mean follow-up of patients under 50 years old at diagnosis was 9.88 years (AE6.73), and 9.04 years (AE6.14) for patients age 50 and over at diagnosis. The mean number of visits per patient was 19.6 (AE17.4) in those diagnosed at <50 years of age, and 15.8 (AE12.3) among those diagnosed at age 50 or older. The numbers of individuals lost to follow-up (no documented death within the time period, but no further visits for a period of >2 years) for our five-year survival analysis was 64 (6.9%) and for the 10-year analysis was 146 (15.7%). There were 10 deaths within five years of diagnosis: four in the adult-onset group and six in the late-onset group. There were 26 deaths within 10 years of diagnosis in the entire cohort: 14 among the younger age at diagnosis group and 12 among the older age at diagnosis group. The five-year survival rates were 99.5% and 94.9% among those diagnosed <and >age 50 (log rank p < 0.0001) and the 10-year survival rates were 97.8% and 89.5% (log rank p < 0.001). The Kaplan-Meier curves for 10-year survival in the two age-at-diagnosis groups are shown in Figure 1 . In sensitivity analyses censoring those lost to follow-up (assuming death, not survival), the analyses were quite similar: Five-year survival rates were 99.4% in the younger age at diagnosis group and 94.5% in the older age at diagnosis group, and 10-year survival rates were 97.7% and 87.1%.
Compared to the younger diagnosis age group, the older diagnosis age group had a five-year hazard ratio (HR) of 5.22 (95% confidence interval (CI) 1.07, 25.36) and a 10-year HR for death of 4.96 (95% CI 1.75-14.08), in multivariable Cox regression models adjusted for calendar year, sex, race/ ethnicity, lupus nephritis, and medication use. Again, in sensitivity analyses censoring those lost to follow-up, the analyses were quite similar: fiveyear HR of 5.21 (95% CI 1.07, 25.36) and a 10-year HR for death of 5.33 (95% CI 1.10-25.85). Predictors of reduced 10-year survival in the entire cohort, both unadjusted as well as adjusted for calendar year, race/ethnicity, and medication use, are shown in Table 1 . They included increasing age at diagnosis (HR 1.07 per year of age), male sex, and black race. Other variables, including demographics, specific SLE manifestations (in particular lupus nephritis), and medication use were associated with neither improved nor reduced 10-year survival. There was neither improved nor Clinical manifestations and survival among adults with (SLE) according to age at diagnosis JF Merola et al.
reduced survival in analyses stratified by age at diagnosis (data not shown). Table 2 describes the causes for 22 of the 26 deaths that occurred within 10 years of diagnosis in this cohort. (Cause of death was not identified for four patients.) Cause of death categories were divided into SLE related, infection, cardiovascular disease, malignancy, and other. This group of patients had severe SLE and most had other severe comorbid conditions. Overall, the causes of death among this group of patients included complications of SLE, such as end-stage renal disease due to lupus nephritis, pneumonitis, and seizure. Infection, cardiovascular disease, and malignancies were also common causes of death. Of those with a cause of death secondary to an SLE manifestation, there were higher numbers of events in the younger than older age at diagnosis groups. Although small numbers, infection and cardiovascular disease deaths were more common among older age at diagnosis patients and there were more malignancy-related deaths among the younger age group.
Discussion
In this large cohort of SLE patients followed in the Northeastern United States (US) since 1970, overall five-and 10-year survival rates were excellent (all >89%), but higher among those patients diagnosed before age 50 compared to those diagnosed at or after age 50. Among those diagnosed at age 50 or older, there was a higher proportion of male patients compared to the under-50 diagnosis age group, confirming diminishing gender bias in SLE with age. SLE manifestations varied by age at diagnosis with malar rash and lupus nephritis being more common among those with younger age at diagnosis. Glucocorticoids, azathioprine, mycophenolate, and cyclophosphamide use were also more frequent in the adult-onset group compared to the late-onset group. Despite the higher proportion of patients with lupus nephritis, survival rates for the younger age at diagnosis group were excellent, and overall survival was not associated with the presence of lupus nephritis or other SLE manifestations or medication use. Among those who died within 10 years of diagnosis, the most frequent known cause of death was lupus related among younger patients and cardiovascular or infectious among older patients. Predictors of reduced 10-year survival included male sex, increasing age at diagnosis, and black race.
Past studies from other academic groups have sought to determine the differences that exist between patients who are diagnosed at younger compared to older ages with SLE. In a Chinese cohort of 158 patients, Lin et al. explored the survival rate and risk factors of mortality in patients with SLE onset after age 50. 10 They reported that hematologic and renal involvement were found among this group to be the most common organ systems of involvement, while central nervous system (CNS) involvement was relatively rare and most deaths were caused by infection. In that study, as in ours, increasing age at SLE onset was an independent risk factor for mortality. However, in the Chinese cohort, the 10-year survival rate was only 56.5%. Alonso et al. also evaluated SLE with diagnosis after age 50 within a small cohort of 51 Spanish patients. 9 As in our study, they reported that the proportion of women in the older-onset group was lower than that in earlier-onset SLE. They found that nephritis was less common among patients with older age of diagnosis, as we have found, but also described an increased incidence of serositis that we have not observed. In our larger cohort and in contrast to Alonso et al., we found no association with anti-double-stranded DNA (anti-dsDNA) antibodies in later-onset disease. Most recently, Tomic-Lucic et al. evaluated 30 late-onset SLE patients in Serbia (age >50) matched to 30 SLE patients with earlier-onset disease. 11 They reported a lower rate of photosensitivity and neuropsychiatric disease in the late-onset group, whereas we found no difference in these manifestations between age groups. Similar to our study, they documented a higher rate of malar rash and nephritis among younger age at diagnosis patients.
We found that predictors of reduced 10-year survival included male sex, increasing age at diagnosis, and black race. Renau and Isenberg performed a retrospective study of 484 patients (439 female, 45 male) to differentiate features of male versus female lupus among SLE patients seen at a single center in London. 21 They found relatively few differences between men and women with regard to clinical and serologic features or outcomes among the patients in their group. In contrast, we have demonstrated that male sex is a significant predictor of reduced 10-year survival, in line with the findings of other groups, which have shown that rates of organ damage and disease severity are higher among male patients. 17, 18 Renal disease was reported as the most important predictor of mortality within the SLE damage index by PonsEstel et al. among patients in a large multiethnic US cohort. 22 We did not find nephritis, however, to be a predictor of 10-year mortality. While survival rates are high in our cohort, the causes of death among SLE patients are similar to those reported in earlier studies. In 1976, Urowitz et al. described a bimodal mortality pattern of SLE. In that study, the patients who died shortly within three years of diagnosis were serologically and clinically active and their deaths were attributed to SLE manifestations (mostly nephritis) and sepsis. Patients who died later in the course of their disease had inactive lupus and several had myocardial infarctions. 23 Based on a different study design of 10-year survival in our cohort, causes of death within 10 years were mostly represented by an SLE manifestation directly, infection, cardiovascular disease or malignancy. Of those with a cause of death secondary to an SLE manifestation, there were higher numbers of events in the younger than older age at diagnosis groups. Although numbers were small, infection and cardiovascular disease deaths were more common among older age at diagnosis patients and there were more malignancyrelated deaths among the younger age group. Alarcon et al. described features and predictors of five-year mortality in the Lupus in Minorities: Nature vs. Nurture (LUMINA) cohort, where the majority of deaths were attributed directly to SLE and infections. 24 We were able to distinguish earlier age at diagnosis patients as having more lupusrelated causes of death than older patients. Also, infection and cardiovascular disease-related deaths were more common among older age at diagnosis patients when evaluating 10-year survival than in the younger age at diagnosis group.
Our five-year survival rates were 99.5% and 95.5%, and 10-year survival rates were 98.2% and 91%, among those diagnosed before and after age 50, representing rates similar to and even higher than those in reports from recent years. Reported five-and 10-year survival rates in other cohorts range from both less than 50% in 1955, to 92% and 83%, respectively, in 2003. [1] [2] [3] [4] 25 Strengths of our study include data from a high-volume lupus center in a large, academic medical center in New England with a diverse patient population and several decades of follow-up. There was no loss to follow-up for deaths as we captured all deaths in the US using the national Social Security Death Index.
We limited the number of patients in our registry to those with confirmed SLE according to ACR criteria in the registry and with !2 follow-up visits to ensure more complete data collection. Among the resulting 928 patients, the mean follow-up time was 9.8 years, allowing an accurate assessment of the medical record during this time, with access to medication and cause-of-death data.
Limitations of this study include the inability to determine all co-morbidities. Given the retrospective nature of data collection, we were unable to accurately calculate SLE disease activity. We also acknowledge that there may have been changes to medications or co-morbidities outside of our hospital electronic medical record. While we have accurate data about ever/never medication exposure, it was not possible for us to accurately capture the exact dates of all medication exposures or cumulative medication doses from the medical records.
In summary, we describe differing demographic characteristics of SLE patients diagnosed at earliervs. older-age of onset: Malar rash, lupus nephritis, as well as steroid, azathioprine, mycophenolate, and cyclophosphamide use were more common among SLE patients diagnosed before age 50 compared to those 50 and older. Ten-year survival rates were very high for both groups, with a younger age of diagnosis associated with a slightly higher 10-year survival. Predictors of reduced survival included increasing age at diagnosis, male sex, black race, and the adjusted HR of death for patients ages 50 and older was 4.96 compared to patients diagnosed at a younger adult age with SLE. Among patients who died within 10 years of diagnosis, lupus manifestations were more likely to be the cause of death in younger than older-onset disease patients.
Key messages
In our cohort, older age at SLE diagnosis tended to be a group with relatively more male patients. Younger age at diagnosis was associated with malar rash, lupus nephritis, and greater use of steroids, azathioprine, mycophenolate, and cyclophosphamide. The 10-year survival for both groups was high, with slightly higher rates among the younger at diagnosis group of SLE patients and an HR of 4.96 (95% CI 1.75-14.08) for risk of death in older at diagnosis compared to younger at diagnosis patients. Predictors of 10-year survival included increasing age at diagnosis (per year of age), male sex, and black race. Nephritis did not predict 10-year survival.
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